A simple screening method to detect berseem clover (Trifolium alexandrinum) endophytic bacteria for rice plant growth-promoting agents on the basis of a root colonization bioassay and a plant growth promoting trait is characterized. Firstly, 200 isolates (80 endophytes and 120 rhizospheric isolates) isolated from berseem clover were inoculated as 10 mixtures of 20 strains each on two rice varieties under gnotobiotic conditions. Then, the reisolated endophytic strains from two rice varieties were characterized for plant growth promoting (PGP) traits. Secondly, the colonization and growth promoting effects of endophytic strains were compared in inoculated rice plantlets as single-strain inoculants. A significant relationship among indole-3-acetic acid (IAA) producing isolates, the size of root colonization, and plant growth was observed. Our results suggest that the ability of IAA production by the endophytic bacteria which may have a stimulatory effect on plant development may be the first plant growth promoting trait for screening bacteria isolated from clover plant for rice plant growth promoting agents. In addition, this study indicates that the selected bacterial isolates based on their IAA producing trait have the potential for PGP and more colonization of rice plant.
Introduction
Research into how plant growth can be promoted has mainly concentrated on rhizobacteria. More recently, however, attention has been focused on the plant growth-promoting capacity of endophytes [1] . The study of plant bacterial endophytes is important for understanding ecological interactions and to develop biotechnological applications. Endophytic bacteria can be defined as those bacteria that can colonize the internal tissue of the plant without showing negative symptoms on their host [2] . Endophytes promote the growth of plants in various ways, for example, through secretion of plant growth regulators, such as indole-3-acetic acid (IAA) [3] , via phosphate solubilizing activity [4] , by enhancing hyphal growth and mycorrhizal colonization [5] , production of siderophores [6] , and supplying biologically fixed nitrogen [7] . In addition, endophytic bacteria supply essential vitamins to plants [7] . The production of auxin-like compounds increases seed production and germination [8] along with increased shoot growth and tillering [9] . Other effects of endophyte infection on the host plant include osmotic adjustment, stomatal regulation, modification of root morphology, enhanced uptake of minerals, and alteration of nitrogen accumulation and metabolism [10] . During the last few years, there has been an increased interest in exploring the possibility of extending the beneficial interactions between rice and some of plant growth-promoting bacteria including N 2 -fixing bacteria. Many reports found in literature strongly suggest that these endophytes have an excellent potential to be used as plant growth promoters with legumes and nonlegumes [11] . Yanni et al. [12] showed that rhizobia can naturally colonize the interior of rice roots rotated with clover berseem and assessed the potential impact of this novel plant-microbe association on rice production. In Iran, the second cropping in rotation with rice is berseem clover. Our interest has been to assess the possible existence and agronomic importance of naturally occurring endophytes within rice roots in Iran where rice production is significantly 2 ISRN Soil Science benefited by rotation with berseem clover that could sustain the populations of the corresponding bacteria at a high inoculum potential for the next rice growing season. PGB traits can be assessed under laboratory conditions and allow the selection of strains that could lead to increased plant growth [12] . Nature selects endophytes that are competitively fit to occupy compatible niches within this nutritionally enriched and protected habitat of the root interior without causing pathological stress on the host plant. But when we intended to screen these bacteria for other plant growth-promoting agents, it is better to screen these bacteria for achieving the most promising isolates having suitable colonization and plant growth-promoting traits. In most researches, it has been seen that, following incubation, bacterial flora are taken at random from Petri plates or morphological representatives are selected for further study. But this type of selection may remove some superior bacteria regarding plant growthpromoting traits and with high colonization ability. The Gram reaction test and other phenotypic characteristics could not definitively determine the classification for the isolates. So, it is essential to study all the bacteria isolated in an economic way. On the other hand, if we test all strains for all PGP traits, this process will take a long time and will be costly. Since the ability to colonize roots is a necessary condition for a rhizobacteria to be considered a true plant growth-promoting rhizobacteria (PGPR) [13] , we would not need to identify the PGP traits of all of the isolates, just those that are able to establish themselves in rice roots. In addition, the first screening on the basis of the most promising PGP traits is very important and economic too. So, we were interested in finding an important auxiliary tool for helping in selection of the isolates with colonization and PGPR potentiality. Yanni et al. [12] showed that in spite of developing higher populations within roots of Indica rice, the endophytic bacteria elicited higher short-term PGP responses on the Japonica rice. They indicated that identification of superior combinations of rhizobia and rice genotypes for optimal growth responses will likely require PGP bioassays rather than just an assessment of the bacterial endophyte's ability to colonize the root interior, and manipulations to increase the endophyte population above the natural level achievable within rice per se may not necessarily improve the resultant growth promotion response. Several methods have been used to demonstrate that root colonization is taking place, including use of fluorescence techniques, antibiotic-resistant mutants, and marker genes, such as LUX and GUS. However, these methods are relatively expensive and time consuming [13, 14] .
Hence, the present study was undertaken to (i) isolate indigenous endophytic and rhizoshpere isolates from berseem clover plants grown in rotation with rice plants, (ii) evaluate which bacteria can colonize the endophytic sites of two rice varieties by batch inoculations onto rice in the presence of low or moderate levels of N under gnotobiotic conditions, (iii) evaluate the PGP traits of the isolates, (iv) reapply the endophytic isolates in single-strain inoculations onto rice in the presence of N and measure rice growth to evaluate if they promote the growth of the rice, and (v) evaluate efficiency of the relationship between root colonization and the most promising PGP trait on rice seedlings inoculated with endophytic isolates.
Materials and Methods

Isolation of Endophytic and
Rhizosphere Bacteria. Rhizosphere soil and roots of the berseem clover plants (Trifolium alexandrinum) were collected from the Dashte naz Research Farm, Māzandarān Province, Iran. Bacterial endophytes were isolated based on the method described by the Sturz et al. [15] . Plants (at flowering) were collected randomly from a field plot where rice has been rotated with clover and conveyed to the laboratory in coolers. Roots were washed thoroughly with tap water, rinsed with deionized water, and drained on absorbent towels. Roots were cut into 2-3 cm long slices with a sterile scalpel, and ten grams of roots was shaken for 30 minutes in 500 mL Erlenmeyer flask containing 250 mL sterile deionized water and 25 grams of glass beads. Clover roots were washed in running tap water and commercial detergent to remove soil and then rinsed for 30 s in a 95% ethanol solution. Surface sterilization was with 10% sodium hypochlorite solution for 4 min, followed by three rinses in sterile distilled water. Aseptic technique was used in every part. Root slices were placed in a sterilized commercial blender in quarter-strength Ringer's solution and macerated for 3 min. The macerate was decanted into conical flasks, shaken on a wrist-action shaker for 45 min, a dilution series made and the diluent plated onto tryptic soy agar (TSA). For isolating rhizosphere bacteria, soil adhered to roots was collected. After proper mixing, 10 g of soil was transferred to a 250 mL Erlenmeyer flask containing 90 mL sterile distilled water and shaken (120 rpm) for 30 min. Serial dilutions (up to 10 −7 ) were made, and 0.1 mL aliquots were spread on to TSA plates. All the plates were incubated at 28 ∘ C for 3-5 days at which time the number of colonyforming units (cfu) was counted. Numbers of endophytic bacteria cells recovered were expressed as cfu g −1 fresh tissue weight. Three replicates per dilution were made. To confirm that the surface-sterilization process was successful, tissue pieces were pressed onto or rolled over TSA, and aliquots of water from the final rinse solutions were plated onto TSA and tested for contaminants. No contaminants were found, and the surface-sterilization procedure was considered effective. Following incubation of bacterial flora, bacterial isolates identified as individual cfu were selected and subcultured onto TSA. Similar bacterial isolates were grouped on the basis of phenotypic characteristics (shape, motility, color, rate of growth, and culture morphology) and Gram-staining reaction and stored in a refrigerator at 4 ∘ C for further studies.
Colonization
Assay. We used the method described by Yanni et al. [12] with some modification for colonization assay of rice roots with all the strains isolated from clover plant in presence and absence of nitrogen. Two rice varieties, Khazar a bred variety and Hashemi a nonbred variety obtained from the rice research institute in Iran, both currently cultivated in Māzandarān in rotation with berseem clover, were used for this study. Separate tests were established that the seeds of these two rice cultivars harbored no endophytic bacteria that would survive surface sterilization. 8 mM (NH 4 ) 2 SO 4 was used in Hoagland's plant growth medium. 100 L of the bacterial inocula grown separately on NB medium for 2 days at 30 ∘ C was suspended in sterile Hoagland's medium as 10 mixtures of 20 strains each. The mixtures were selected at random. Each seedling root was inoculated with 10 8 cells mL −1 (12 replicates were used for each treatment) and incubated in a growth chamber. Rice plants in culture tubes were gently uprooted 20 days after inoculation and then excised at the stem base. Roots were rinsed free of agar and sand, blotted, weighed, surface-sterilized with 70% ethanol followed by 10% sodium hypochlorite solution, rolled over plates of TSA to check for surface sterility, and then macerated in 5 mM Na-phosphate buffer as described above. Viable plate counts of the rice endophyte populations were made after 3 days of incubation of diluted root macerates plated on TSA as an indicator of bacterial invasion capacity in the presence or absence of nitrogen source. Numbers of CFU/mL in the external rooting medium were also analyzed to determine bacterial viability in the presence or absence of a nitrogen source. Then colonies were picked, restreaked on TSA, and stocked in pure culture. For counting rhizoplane bacteria, roots were washed with sterile distilled water several times and subsequently immersed in 0.8% saline in a 125 mL Erlenmeyer, added with 3.0 g of glass beads and shaken at 200 rpm for 30 min, at 28 ∘ C. The resulting supernatants were diluted and cultured on TSA, and bacterial growth observed after three-day incubation at 28 ∘ C was regarded as rhizoplane population.
In Vitro Screening of Reisolated Bacterial Isolates for
Their PGP Activities. All strains, reisolated from inside roots of rice, were characterized for PGP traits. Production of siderophore, IAA, salicylic acid (SA), and HCN was determined according to the methodology described by Schwyn and Neilands [16] , Patten and Glick [17] , Meyer et al. [18] , and Lorck [19] , respectively, whereas all the isolates were screened for their phosphate-solubilizing ability on medium proposed by Sperber [20] . The ability of the isolates to produce ACC deaminase was also screened on minimal media containing ACC as their sole nitrogen source as described by Glick et al. [21] .
In Vitro Antifungal Activity.
Bacterial isolates were evaluated for their antifungal activity against fungal rice pathogens by dual culture assay as described by Jinantana and Sariah [22] . Fungal rice pathogens Fusarium proliferum, Fusarium verticillioides, Fusarium fujikuroi, Magnaporthe salvinii, and Magnaporthe grisea were kindly provided by laboratory of phytopathology, Department of plant protection, University of Tehran, Iran.
Extracellular Hydrolytic Enzymes Activity
Assay. Chitinase activity was measured according to Jung and Kim [23] . Cellulase and pectinase activities were assayed on the indicator plates as described by Mateos et al. [24] .
Efficient Establishment of Endophytic Colonization of
Rice Plants by 9 Endophytes. Endophytic colonization of rice roots and assessment of their potential to promote plant growth were performed using the same procedures as described above, but, in this assay, the bacterial inocula were suspended in sterile Hoagland's medium containing 8 mM (NH 4 ) 2 SO 4 as single-strain inoculants. Shoot biomass (stem plus leaves) and root mass were measured as dry and fresh weights, respectively. In addition, root height was measured. Reisolation and viable plate counting of endophytic isolates populations were also carried out as described above.
Confirmation Test.
Ten isolates isolated from berseem clover plant grown at field, which had been screened only based on the production of IAA, were retested, using the same procedures as described previously in order to confirm the efficiency of the bioassay. As additional negative controls, two IAA nonproducing isolates were also included.
Statistical Analysis.
All the experiments were arranged in randomized complete design with four replications in each treatment and repeated twice. Analysis of variance (ANOVA) was performed, and means were compared by the Tukey test at 5% probability level using the SAS (V. 8) software package (SAS Institute, Cary, NC, USA).
Results
Isolation of Bacteria from Clover Root.
A total of 200 bacterial strains were isolated from the rhizosphere (120 isolates) and surface-sterilized roots (80 isolates) of berseem clover grown in rotation with rice in region of Dashte Naz, Mazandaran, Iran. Colony and cell morphology and Gramstaining tests were performed on the isolates. 54% of the isolates were Gram positive, and the rest were Gram negative. No further attempts for identification were made. All isolates were used for detailed investigation.
Colonization of Rice Plants.
To determine which of the endophytic bacteria had the ability to colonize and persist at high levels in two rice varieties, we carried out studies with a gnotobiotic system, using axenic rice plantlets. In all colonization studies, controls were included to verify that the inoculated bacteria were recovered. No bacteria could be isolated from noninoculated plants. All 200 isolates were inoculated as 10 mixtures of 20 strains each into the rice hosts and grown under gnotobiotic conditions. Of these, 34 strains (9 endophytes and 25 rhizoplane isolates) colonized the plants at levels ranging from 4.3 to 7.9 log 10 CFU/g (fresh weight) at 20 days postinoculation (data not shown). The 34 isolates were all good root colonizers. The highest proportions of endophytes that were able to colonize the hosts were obtained from variety Hashemi grown in Hoagland + N growth medium (data not shown). The results indicated that none of the mixtures produced any disease symptoms or abnormalities in two rice varieties. Interestingly, 20 days after inoculation of the isolates in gnotobiotically cultured plantlets, the number of viable bacteria in the external rooting medium range in 10 10 CFU, regardless the absence or presence of nitrogen. Table 2) . Plantlets cultivated for 20 days in the presence of (NH 4 ) 2 SO 4 showed a significant increase in bacterial invasion levels. Plating experiments of macerates from surface-sterilized roots of the inoculated plants indicated substantial populations of the endophytic bacteria, the magnitude of which varied the rice cultivar and the plant growth medium ( Table 2 ). The inoculated roots appeared healthy without development of nodulelike hypertrophies or obvious symptoms of disease. Under these experimental conditions, internal root colonization by the isolates was not suppressed in Hoagland's plant growth medium, which contains NH 4 + as a source of N. Colonization by the strains induced, in all inoculated plants, a large increase in root hair number and length. The colonization and growth-promoting the effects of nine IAA producing endophytic strains were compared in inoculated rice plantlets as single-strain inoculants. The presence of a higher number of lateral roots and more abundant root hairs was observed in response to colonization by the strains when compared with noninoculated plants. All the IAA producing isolates increased shoot dry mass by 22-44%, root fresh mass by 8-48%, and root length by 3-52%, over the control. The isolate E9 demonstrated to be the best plant growth-promoting bacteria, with an increase of 48% in root fresh weight and 44% in shoot dry weight as compared with control (Table 3) . A significant relationship among IAA producing isolates, rate of root colonization, and plant growth was observed ( Figures  1 and 2) .
Confirmation Test.
Screening to detect isolates with good potential as rice growth-promoting agents indicated that 7 of 10 endophytes, inoculated on rice varieties, were able to colonize within roots and promote plant growth (data not shown). According to the results obtained, 7 of 10 isolates tested (70%) behaved as potentially good plant growth-promoting and colonizing agents. Seedlings inoculated with IAA producing isolates yielded more shoot biomass and colonization than the control plants inoculated with IAA nonproducing strains. Plants inoculated with both IAA producing isolates and other PGP traits producing isolates did not yield more biomass and colonization than plants inoculated with IAA producing isolates alone. Rate of colonization of rice plants with IAA Producing isolates showed that inoculation with the strains yielded a 10-20% increase in root weight as compared with the noninoculated control and IAA non producing isolates. Interestingly, IAA producing isolates developed higher culturable endophytic populations in the roots. In this study, a significant relationship among IAA producing isolates, rate of root colonization, and plant growth was also confirmed.
The screening procedure appears to be very effective and less time consuming.
Discussion
To determine whether bacteria isolated from within clover plant tissue can have rice plant growth-promotion potential, colonize rice roots, and survive under flooded conditions, since rice is grown at such condition, seeds of two rice varieties were inoculated with individual bacterial isolates or mixtures of bacteria. We found IAA producing isolates that not only significantly improved rice plant growth but also, when used for colonization assay, significantly increased the rate of colonization than IAA nonproducing isolates ( Figures  1 and 2 ). These results indicated that the endophytes had potential for promoting plant growth. Since the final aim after selecting the best isolate will be to introduce these isolates as a biofertilizer (suitable for pudding) for farmers, to find how much of chemical fertilizers (maximum yield) those bacteria can replace, we should select bacteria that have been isolated in the presence of N. We inoculated rice plant with both endophytic isolates and rhizosphere isolates isolated from the clover roots because microfloral populations already resident 6 ISRN Soil Science within the host plant may well influence and be influenced by rhizosphere bacteria [25, 26] . In addition, several studies have reported that endophytic microbial communities originate from the soil and rhizosphere [27] [28] [29] . Since aseptic technique was used throughout, and the surface-sterilization procedure was considered effective, we may verify that the same bacteria inoculated to sterile rice seedlings could be reisolated from these seedlings (to fulfill Koch's postulate) and examine their endophytic competence (infection and persistence characteristics). 34 strains had colonized the plants at levels ranging from 4.3 to 7.9 log 10 CFU/g (fresh weight) at 20 days after inoculation. The number of CFU of these bacteria in roots fell in the range of endophytic bacteria [30, 31] . Interestingly, the endophytic isolates developed higher culturable endophytic populations in roots of varieties Hashemi than in those of varieties Khazar (Table 2) . Thus, the degree to which endophytic isolates establish endophytic populations within rice varies among different varieties [12] . The establishment of plant growth promotion by rhizobia strains has been observed in crops such as wheat [32] , rice [12] , canola, lettuce [33] , and sunflower [34, 35] . Colonization extent was considerably higher in roots in the presence of N, compared to roots in the absence of N ( Table 2) . Plantlets cultivated for 20 days in the presence of (NH 4 ) 2 SO 4 showed a significant increase in bacterial invasion levels. Muthukumarasamy et al. [36] showed that the N-fertilization did not affect the diazotrophic bacterial population in all stages of growth of rice. Nitrogen alters the physiological state of the plant, and this subsequently affects its association with the bacterial population [37] . Sensitivity of many diazotrophic bacteria to nitrogen fertilizers could affect their endophytic ability [38, 39] . But, we have demonstrated that nitrogen fertilization was not a limiting factor for the recovery of the strains from internal plant tissues. Mechanisms of plant growth promotion by plant-associated bacteria vary greatly and can be broadly categorized into direct and indirect effects. The biological role of endophytes in supplying nitrogen to their host plant has not yet been confirmed. Yanni et al. [12] showed that rice plants grown under N-free conditions in gnotobiotic tube culture were not consistently increased in N-content nor did they have detectable acetylene reduction activity when examined 32 days after inoculation with these rhizobia; hence, we did not study the ability of producing N fixation by this isolates. Phosphorus is the second most limiting mineral nutrient affecting terrestrial plant growth. Bacteria can solubilize inorganic and organic phosphates by different ways. [1, 40] . In the present study since phosphorus existed in a soluble form (Hoagland's growth medium), the isolates do not have any role in solubilizing phosphate and subsequently rice plant growth. Many bacteria produce organic compounds, so-called siderophores. Siderophores are produced by PGPR under iron-limited conditions [1, 41] . Iron also existed in a soluble form in the used growth medium. So, the isolates do not have any role in making Fe available for rice seedlings and subsequently rice plant growth. Of 34 isolates evaluated for siderophore production in this study, 27 isolates produced siderophore, indicating probably the ability of producing siderphore as the second PGP traits for screening the isolates isolated from clover for rice PGP agents. Under flooding conditions, iron availability is higher due to the reduction of ferric oxide hydrate complexes, releasing the more soluble Fe (II) that can even be toxic for the rice roots. The role of siderphore producing endophytes is may be to capture Fe (III), generated by oxidation of Fe (II) in oxic microniches into the plant or in the rihzosphere, increasing the iron availability locally or to reduce Fe (II) toxicity towards the plant by accumulation of the sequestered metal into the bacterial cells [42] . Ethylene is a phytohormone that increases in plants when they are exposed to both abiotic and biotic environmental stress conditions. The most commonly observed mechanism that reduces levels of ethylene production is via the activity of bacterial ACC deaminase [1] . But in our study due to the presence of NH 4 + as (NH 4 ) 2 SO 4 , none of the isolates was able to utilize ACC as sole nitrogen. Hence, the isolate also could not have had any role in producing rice seedlings [43] . Because bacterial endophytes colonize an ecological niche that is similar to that of plant pathogens, they could potentially benefit plant growth indirectly by competing with pathogens for space and nutrients, thus suppressing the growth or activity of these pathogens [1] . We also examined the potential of the isolates in inhibiting fungal rice pathogens. Since the rice seedlings have not been inoculated with fungal pathogens, the isolates could not have any role in rice seedlings growth. Many microorganisms produce and release lytic enzymes that can hydrolyze a wide variety of polymeric compounds, including chitin, proteins, cellulose, hemicellulose, and DNA [44] . When endophytes colonize on the plant surface, they produce enzymes to hydrolyze plant cell walls. As a result, these enzymes also have the function to suppress plant pathogen activities directly and have the capability of degrading the cell walls of fungi and oomycetes [45] [46] [47] . Several studies showed that production of cell wall degrading enzymes such as cellulase, phosphatase, or pectinase in PGPR was important in facilitating entry of the bacteria into the intercellular spaces of plant root hairs [48] . The present investigation also showed the presence of different levels of cellulase and pectinase activities in different isolates suggesting their potential for inter-and intracellular colonization. But the cellulase and pectinase activities of the inoculated strain did not affect the growth or health of the seedlings [49] . Systemic acquired resistance (SAR) induced by pathogen infection is mediated by salicylic acid and associated with the accumulation of pathogenesis-related (PR) proteins [50] . In the study, one of 9 endophytes produced SA, and there is no relationship between rice growth and SA producing isolates [51] . Indole-3-acetic acid (IAA), the most studied phytohormone produced by plant-associated bacteria, contributes to plant growth and development by increasing root growth and root length and has also been associated with proliferation and elongation of root hairs. Our results showed that there is a significant relationship among IAA producing isolates, the rate of root colonization, and plant growth (Figures 1 and 2 ). An alternative working hypothesis is that endophytic colonization by these native isolates modulates growth physiology of rice (possibly by hormone action) enabling the plant root system to utilize the existing resources of available nutrients and water more efficiently in ways that may be independent of biological N 2 fixation [12] . IAA producing endophytes reisolated from the surface sterilized roots of rice appear to be very competent plant growth-promoting endophytes. Our findings are consistent with earlier reports where similar trend was reported in different bacteria [52] [53] [54] [55] [56] [57] . Since The initial step of bacteria invasion in plant root consists of the attachment of bacteria onto epidermal cells of the root surface, where root hair zone represents one of the major sites of primary colonization, mainly on the basal region of emerging hairs, it is possible that IAA producing strains by increased root system can colonize plant roots better than other strains. The role of bacterial IAA in different microorganism-plant interactions highlights the fact that bacteria use this phytohormone to interact with plants as a part of their colonization strategy, including phytostimulation and circumvention of basal plant defense mechanisms [58] . Results obtained by in vitro screenings for the assessment of bacterial PGP cannot fully reflect the reality, for example, at the field or in the greenhouse. However, in vitro screenings for bacterial PGP can provide a tool to select strains out of the vast amount of bacteria living in plant-associated habitats that fulfill in situ what they promise in vitro [53] . The findings described here represent a step forward in achieving the technically challenging goal of increasing rice productivity and screening superior bacteria by reducing its dependence of the need for fertilizer-N through enhancement of its natural association with rhizobia without requiring as a highly developed system as the root nodule rhizobium-legume symbiosis.
Conclusion
IAA production confers to bacteria competitive advantages to colonize plant tissues. Bacterial IAA loosens plant cell walls and as a result facilitates an increasing amount of root exudation that provides additional nutrients to support the growth of rhizosphere bacteria. The screening procedure appears to be very effective and less time consuming. Therefore, proper screening of rice growth-promoting bacteria can be useful for future agricultural applications, providing higher production yields, reduced input costs, and negative environmental impact due to the use of nitrogen fertilizers.
